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THE TINKERER'S GUIDE TO THE 18650 
By Rinoa version l.U 


I 1 



Since 1998, the Lithium-ion battery has dominated the world of energy 
storage. It replaced the weaker technologies such as Nickel-Cadmium 
and Nickel-metal hydride due to its reliability and higher operating 
voltage. This higher voltage allows the Lithium-ion cell to hold more 
V’att -Hours in the same soace . The 13650 (eighteen-six-fifty) is the 
most prevalent Lithium-ion cell , so it is a good start for many UIT 
projects. 

18650 cells can have a capacity ranging from U Watt-Hours to 
12 Watt-Hours, They are fully charged at 1|.2 volts, and fully 
discharged at 3.6 volts. Their chemistry has diversified and evolved 
over the decades leading to cells that specialise in capacity, 
power, and longevity. There has also been a steady increase in the 
capacity of 186503 over time. Most of these operate at the same 
voltage and wont be catastrophic if mixed, however LiFePoU cells 
operate at a lower voltage and can not be mixed with other types. 

There are some specialised cells that can operate at It. 35 volts. 

Inside an 18650 is a tightly wound coil of plates, this 
configuration is called a "swiss rell" . The roll is housed within a 
durable metal cylinder that greatly increases durability. At the end 
is a cap that allows the cell's electrolyte to vent. Some well- 
designed 18650 caps can act as a fuse in case ef failure. 

19670 or "protected 18650" cells have a small monitoring circuit 
at one end that make the cells more fool-proof, however these cells 
aren't common. 

How to test 13650 cells 

You must test the 13650 before you use it due to the risk of failure 
and even def legration . Here is a method i have developed over several 
years of experimentation. 

I find the "Imax B6" does a good job with charging and discharging. 
Seme knock-off Imax units can have programming issues that make the 
lithium discharge setting not work propperly. Try the NiCad discharge 
setting if you experience this. I set the NiCad cutoff voltage to 3.0v 
to take into account the voltage drop, this almost always results 
in the cell settling at 3.6v. 



Lastly, we have the compound. It’s about what you’d 
expect from a compound- plenty of angle adjustment, 
and graduated in thousandths. The two-handle style 
crank is nice for turning tapers with both hands. The 
action on mine is not as smooth as I would like. It has 
a couple of stiff spots in the travel. Perhaps I’ll try 
taking it apart and tuning things up a bit. 

Here’s another view of the threading dial as well. It’s 
technically an option on the Weiss machine, but 
Precision Matthews wisely includes it. 

Down beside the cross-slide, you can see a rough-cut 
piece of aluminum sticking out. That’s my homemade 
carriage locking wrench. They include an alien key for 
this purpose, since the lock is a simple cap screw. 
However, the alien key interferes with the gib screws 
on the cross-slide, making facing and parting 
operations a real pain in the ass. You have to keep 


removing and reinserting the alien key to lock the carnage for each pass. Instead, I cut the end 
off their key and pressed it into a hexagonal hole in a piece of aluminum scrap. This makes a 
low-profile wrench that slides neatly under the gib screws no matter what position the lock is in. 
The PM 1022V has its share of little annoyances like this. 

Down on the tailstock end, all is as you 
would expect. The crank is very free 
spinning, and has a good mass to it. This is 
nice because it means you can spin the ram 
in and out very guickly. The ram is marked 
in both metric and Imperial (no doubt to 
save on parts costs), but the crank scale is 
Imperial only. 

The tailstock is adjustable laterally, for 
turning long tapers with the offset-tailstock 
method. I'm not a fan of messing with the 
precision alignment of the tailstock and 
spindle, so I haven't personally tried this. 


Okay you have all gory the details that the internet won’t tell you. Now let’s talk about the 
upsides and downsides of this lathe. I will say that it’s surprisingly well made for a machine of 
this price point. All the controls are smooth and precise, and I find cuts to be accurate and 
repeatable In the 10-12” range that I’ve been working. I have not detected any taper. Alignment 
from the factory seems very good. It’s possible that Precision Matthews does some tuning on 
these machines before shipping them out. They did, for example, install the quick-change tool 
post for me and included the Weiss four-way post in a box. 

The ways are a double-prismatic design and induction-hardened, which is certainly nice at this 
price point. The finish on them is flawless, as far as my primitive brain can tell. 
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Cells found between 2v and U.2v have the least ameunt of internal 
damage. 

Building a Battery 


So new we want to run a device off 18650s. You need to know 
what voltage range it needs, and how many amps it will pull. 

I recommend having at least 1 Amp-Hour (1,000 mah) of capacity 
for every 1 Amp you plan to pull. This will ensure your cells 
are stressed less, will last longer, and won't heat up as much. 
You can make a battery pack to directly run the device, or use 
a step-up boost converter to reach the required voltage. 



I built n?y E-bike battery to directly output the correct voltage 
my E-bike motor controller required, for my high-powered LED 
Lantern upgrade, i instead put all my cells in narallel to 
give U.2v. I then used a step-up boost circuit from ebay to 
turn that lt.?v into 28v to run the LED. Using the boost converter 
to step-up the voltage helped make charging simpler and allowed 
for finer voltage control. Step-up circuits waste energy, are 
a possible failure point, and cant handle much power, so they 
arent useful when yeur project uses more than a few watts. 


Once you know the voltage and capacity requirements, you can 
decide how many parallel and series cells you need in your pack. 
Remember that connecting cells in parallel add3 the capacity, 
and series adds the voltage. 



Us5p 



Here are examples of how cells could be configured, be sure 
to make sure every parallel pack of cells has a similar capacity. 
It is common to describe the series and parallel configuration in 
a pack by the " _3_p ", for example the E-bike battery i use is 
13sl2p and my laptop has a 3s2p configuration. 




of the cover. This actually works very well- it doesn’t interfere with quick removal and 
reinstallation of fhe cover, but might save your fingers someday. 

Speaking of safety, this electrically 
interlocked shield over the chuck is a 
nice touch. It helps keep your chicken 
tenders clear of the blender, and also 
physically prevents you from leaving the 
chuck key in place. The included chuck 
key is also spring loaded, making for two 
layers of safety in this important area. 
Caving in your face with a chuck key 
missile is no picnic. If safety devices like 
this raise your libertarian ire and you wish 
to fly free like a bird in a meat grinder, the 
shield is easily removed. This thing has 
already saved me from an exploding cut- 
off blade, and once prevented me from 
dropping my camera into the spinning 
chuck, so I’m happy to keep it. Maybe you’re more infallible than me and won t need it. 

Enough safety. Let’s get to the good stuff. 

Shown here is the carriage. Bottom left is 
the main carriage hand wheel. It has a 
spinning crank and feels nice in your 
hands, like a cool margarita on a hot 
California day. This control has the most 
backlash in it, but not so much as to be 
alarming. Being in North America, the 
machine I received is calibrated in 
Imperial units, but it can cut both Imperial 
and Metric threads. The hand wheel 
scales are all in Imperial as well, and the 
main one measures in ten-thousandths. 

This a fairly coarse, but convenient unit. 

Top center we have the cross-feed hand 
wheel also with a spinner crank. This wheel measures in two-thousandths, which is a 
somewhat odd unit, possibly an artifact of its Chinese (and therefore metric) origins. Still, it’s 
easy enough to measure between the ticks to get a single thousandth where needed. I have 
found myself tending to scale my projects to even-numbered dimensions, just to make it easier 
to do the math with these cross-feed units. The cross-feed scale is direct-read, meaning the 
numbers tell you the reduction in total diameter that your turning will net. If you are measuring 
distances (such as along an end face), you'll need to halve these numbers. Direct-read is very 
convenient for turning to a diameter, however. 

On the far right is the half-nut lever and threading dial. This machine can turn all manner of 
metric and Imperial threads, so you needn't worry about making anything that screws into 
anything else (aside from local laws, as applicable). 




In the center of the carriage, I’ve saved the best for last. That's the power feed clutch, and it has 
three positions, instead of the expected two. That’s because this machine has power feed on 
both the main axis and the cross-feed. Power cross-feed on a small bench machine like this is 
extremely unusual, and it’s a terrific feature. If you have a lot of facing to do, or plan to do 
milling-like operations with big square pieces in the four-jaw chuck, power cross-feed is a real 
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Here’s a shot of the control panel. There's a handy 
threading and gearing chart on the left, and on the right is 
a digital tachometer. The tach is pretty and lights up blue, 
so you know it’s high tech. Unfortunately, it also appears to 
be strictly decorative. I found it to be wildly inaccurate. So 
much so that I had to run the motor through its range with 
a hand-held tach attached to the spindle so I could 
mentally calibrate it myself. The digital tach on the unit I 
received is only about 80% accurate. Good odds for a 
stock broker. Not so nice for a speed controller. 

The black knob in the middle controls the aforementioned 
speed. It’s fun to adjust while the machine is running. 

There might even be a purpose to do so, such as when 
facing or parting off. I haven't tried that, but in theory you 
could adjust dynamically during an operation to keep 
surface speed at the tool consistent as diameter changes. 

At the bottom, you can see the quick-change gear box. This 
is a nice feature in a machine of this modest size. It can power feed in both directions, and the 
feed transmission has three gears. Combined with the variable speed, this is all the control you 
need for your feed. Lathe rhymes are fun. 

There’s one little gotcha here. The machine claims a range of 50-2000 RPM. However, you 
actually only get half that range with the installed gear train. The dirty secret is that the machine 
includes a second set of change gears that must be swapped in to get the upper 1000-2000 
RPM range. Furthermore, the manual very cryptically indicates that the high speed range is not 
suitable for cutting/turning, due to the loss of torque. That certainly begs the question of what 
the point is of the higher range, but for High Speed Steel tooling, the low RPM range is sufficient 
for anything you want to do. You won’t achieve the surface speeds needed for carbide tooling, 
but this machine doesn't have the horsepower for carbide anyway. Stick to High Speed Steel 
and you’ll be a happy camper. 

Here’s a look at the drivetrain, which hides 
under a cover behind the spindle. On the right 
are the change gears. On the left you can see 
the arbor on the big DC motor. The gear train is 
driven by a smooth V-belt which makes for 
quieter operation, and is a nice theoretical 
safety valve if you crash the chuck. I wouldn't 
want to test that, but in theory the belt will give 
before any more expensive part of the drivetrain 
does. 

You can also see the 1 " spindle bore here, 
which is frankly not as large as some machines 
in this class, but certainly workable. The 
drivetrain cover has a hatch in it to allow long 
stock to protrude out through there if needed. Also 
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Balance charging and SIS circuits 


If you have cells in series, you need to keep them ballanced. 
Lithium-ion cells have no inherent mechanism to inhibit overcharging 
so the cells can drift in voltage frem each other over time. 

T*u can monitor each series pack manually or use a BMS (Battery 
Management System) to maintain the cells. 


If cells become unbalanced, they run a risk ef overcharging 
and undercharging, both lead to failure and possible fire. 

Cells mostly drift from each other over msny charge/discharge 
cycles because every cell (especially used cells) have different 
self -discharge rates and some are less efficient when converting 
their chemical energy into electricity resulting in waste heat. 

A BMS circuit can easilly be obtained from the internet for 
a reasonable price . Be sure to get a BMS with the correct series 
configuration for your battery pack. I originally built my E-bike 
battery to be 1? series configuration but had to retrofit it to 
13 series when i had trouble finding a 12s BMS. Be sure the BMS 
you get is also for Lithium-ion or LiPo batteries, LiFePoU MS 
circuits wont be compatible with the higher voltage of an 18650. 
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Here is what a 3s BMS would look like when connected up. 
notice how the ballance leads have one more wire than the series 
configuration of the pack, this is to allow the BMS to "see" all 
the parallel packs. Cells in parallel will naturally ballance 
against each other, so you only need to ballance the series cells. 


Structuring the Cells 


Along with electrically connecting the cells together, you 
must also physically connect them together. If the cells move 
in relation to each other, the connectors between them will become 
stressed and possibly fail. 

I built my first large battery packs by simply taping the cells 
together, This worked surprisingly well, the tape has lasted years 
and thousands of miles. On a newer battery i used a 3D printer to 
make a plastic frame to hold the cells, this has worked well also. 
I believe there are other mounting methods available on the 
internet, but my homemade solutions have lasted more than expected. 
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capacitors burst while the mosfets charred, a sort of electronic ritualistic suicide. Those pixies dance in 

heaven now. I'll put the board in epoxy and use it as a paperweight, since the molten insulation looks pretty 
neat. 


We had no idea what the hell we were doing. 
We weren’t too bad. 


We had time before the next race. Two hours. Another team had a spare 48V 1000W scooter motor 
controller that we bought for S40. When a motor draws IOOOW at 36 volts, it draws I333W at 48 volts, V = 
IR . Our new controller was rated at IOOOW. We knew that the next time we d see our motor controller, it'd 
have chooched its last. Racing was our objective, and magic smoke would be our end. 

We only lasted 5 laps before that acrid smoke returned. We carried our kart to the pits for a second 
time. The motor controller had failed identically to the first. 

We had raced, and had fun doing so. We weren’t the fastest. We had no idea what the hell we were 
doing. We weren't too bad. 

As it happened, this very day was the subject ol my college essay. I’m currently a senior, and I’m 
looking forward to attending Columbia Univers.ty next fall to study mechanical engineering. I suppose the 

real lesson here is that it’s important to fail wholly and catastrophically, because it makes a good college 
essay. 

For next year's race, we're updating our kart with an overrated, fan cooled motor controller, thicker 
wire all round, 48V motor system, a reverse relay, and a current/voltage monitor. I can't wait to return for 

another year, to race and talk with other teams, to break something. Next time, we're crossing that finish 
line. 
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What follows is a story about failure. 


After finishing my B.Sc. at the tender young age of 31, 1 chose to go into the field 
of clinical research. That is, performing medical experiments on human beings 
to asses the safety and effectiveness of new treatments. Actual science 
experiments, carried out under incredibly tight control. One vial of blood going 
missing can and will invalidate a million dollar drug trial. I've seen the tears 
with my own eyes. 

Real fucking science. 

A large proportion of these trials are carried out by organizations that are 
hired by pharma companies to test their drugs for them. I landed in such a 
place. Our task was essentially to try drugs on healthy people, and see if anyone 
got sick. 

The facility where I spent most of my time was about halfway between a 
hospital and a prison - a single big room, lined by "cells" that each contained 
four bunks, with about 100 beds total. When a trial was in progress, the place 
was locked down. Only staff could come and go. 

Sometimes even the bathrooms had to be locked down. 

One of the more interesting aspects of this process is that most of the test 
subjects were regulars, ie. professional guinea pigs. It pays pretty well for the 
time put in, and you could support yourself doing it for a living. 

I found dealing with these people to be disconcerting. The light in their eyes had 
long since gone out. The world had defeated them. Unlike most of my 
co-workers, I went out of my way to treat them like friends. 

But there was one particular trial that I will always remember. 

It was for a drug that was meant to treat a terminal respiratory illness. It was 
inhaled in powder form, through a disk shaped plastic inhaler that contained 30 
doses, one per day for a month. 

The 60 or so test subjects were checked in one evening, and my Soviet friend and 
I were assigned to hold down the fort overnight. I always got to sit in the nicer 
chair, because after I showed him what happens when the piston in an office 
chair fails, he refused to sit in them. 
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1 - Having an enormous aviation fa o neya r d. YARD . 

2 - Being an Inland Spaceport and the alternate landing site for the 
(former) Space Shuttles, and, 

3 - Being the home of Scaled Composites, the company that built 
SpaceShlpOne and won the $10,000,000 Ansari X-Prlze by being the first 
private, manned, reusable spacecraft to make It Into Earth's orbit twice In 
two weeks. 

A few years after winning tne X-Prlze and mld-aqulsltlon by Northrop 
Grumman, a team was doing a cold flow test with propellant for 
SpaceShlplWo several miles east of town. 

The July 26, 2007 test Invol /<sa a 15-second burst of 10,000 lbs of Nitrous 
Oxide (laughing) gas from a pair of pressurized holding tanks. The test 
site was loaded up the night before and the tanks sat In the sun until the 
next day. With air temperatures In July well over 40'c In the shade and 
likely 55'c on the tanks, the Internal pressure for the rocket fuel reached 
somewhere around 700 PSI. 

While most of the test staff were protected behind a berm 430 feet away, 
those conducting the expert me at were nearby when the tanks ruptured. 
The decompression left nothin 3 lore than matchstJcks of the buildings, 
an overturned semi, a crater, « ia 3 dead with 3 more seriously Injured. 

20 miles away the building we Jsre In shook when the shockwave 

reedied-^r~f7£; . U) (•V r A ZodoJiL WtLKiA/fy 

jrds- wa £ ^d-flow test of the propellant center only, no fuel, no 
igwHon, performed by prize-winning rocket scientists who, even 
combined, got something very wrong that day. 



reproduce. Those thoughts went out of his head as soon as the next plane came in for 
work. He was satisfied that he had understood the problem and done everything 
technically correct to fix it. 

I don't know if you have ever met a fighter pilot that’s a high ranking officer to boot 
Lets just say they didn't get where they are from being meek and conservative. I think 
they actually take training on how to ream somebody out until all that's left is a smokir 
pile that used to be the focus of their attention. I'm sure it wasn't a gentle summer 
breeze blowing in Jim's direction. The first clue they got that the problem wasn't 
resolved was a loud angry phone call from the pilot (major so and so) barking at them 
for not fixing a simple problem. After going up one side of my friend Jim and down the 
other the pilot told him to be front and center to go for a test drive with him the next da' 
Now I would really like to go for a ride in one of these but even my enthusiasm is 
damped at the thought of an expert pilot that is pissed off at me giving me a ride in a 
high performance machine. 

Jim shows up the next day all kitted out for his test drive in the jet with the mysterious 
problem. The pilot is in a hurry to get on with the demonstration so they load up and 
head out to the runway. They taxi out to the runway and get in line to take off. The pilol 
asks the tower for clearance to do a maximum rate climb out after takeoff which they 
granted. The little glurping sound is Jim's guts tightening up. During all this he is pretty 
sure the afterburner is going to kick in since he just tested it a few days before. The 
technician geek in him is watching the pilot from the backseat of the fighter for any 
clues to the problem. Finally its their turn to take off. 

The pilot puts the brakes on and throttles up to take off power but not afterburner. 
Finally they are off accelerating down the runway. The plane gets its wheels off the 
ground and the wheels up safely when the pilot announces "You ready?" Jim has been 
ready from the night before so he braces himself for that additional 12,000 pounds of 
thrust from the afterburners he positive are about to be lit. He watches the pilot grab 
both throttles and slam them to the firewall in about a millisecond. Pf ffffffffff . No 
afterburner. In an instant Jim realizes what the problem is, but right now he has to listei 
to another reaming session this time over the headset from the pilot about wasting his 
time and not believing him that the problem even existed. I don't know how long the rid 
lasted but after that it couldn't be short enough for me. 
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Cardboard pinball 
by Kristina Panos 


Ever since I was a little kid. I’ve been fascinated by pinball machines. It’s 
because pinball is such a complex sensory experience. I love the 
immediacy of standing there, gripping the sides of the machine, 
completely focused on keeping the ball on play amid the flashing lights 
and snapping solenoids. It’s just me versus gravity and distraction, and all 


I’ve got is a pair of flippers. 



I would love to have my 
own pinball machine, but 
I tell myself I don’t have 
enough space for one. 
I’m secretly afraid I'll 
get bored playing the 
same table over and over 
again, or that something 
will break and 1 won’t be 
able to fix it. Curious 
tinkerer that 1 am, I like 
to dream about building 
my own machine. I 
figure 1 could start with 
something small and simple made out of plywood and work my way up as 
I leam. But I’ve never started on it because it’s too daunting to take the 
first step. A commercial pinball machine is such a complex concert of 
components. How does one even begin to emulate one? 

And then a few months ago, 1 found out about the PinBox 3000. It’s a 
tabletop-sized DIY pinball machine made entirely of cardboard. The kit is 
really easy to build — you just punch out the pieces, fold them up, and 
insert tab A into slot B. You don’t need any tools or bonding agents. I 
know it doesn’t sound sturdy, but believe me, it is. Once it’s put together. 


It. 



friends description there are two independent slides that are advanced to increase 
thrust in both engines. Near the maximum throttle position there is a little micro switch 
that closes to send a signal to the engine control to ignite the afterburners. After 
discussing the problem with the pilot he was pretty sure this switch was the problem 
based on his experience. 


They opened up the left console and performed the recommended check on the switch. 
Small surprise, the switch passed with flying colors. I guess there were several other 
things that got checked during the repair but all their checking didn't pinpoint any 
problems. Everything got put back together and the crew signed off on the repair as 
good. They returned the plane back to flight status and gave it back to the pilot. 


The next day they got an irritated call from the pilot asking why they didn't fix the 
problem. He still could not engage the afterburners even after their "repair job. My 
buddy Jim explained that they had thoroughly checked all the afterburner systems and 
found no problems. He described all the tests that had been performed and whatever 
minor adjustments had been made. They would have to take another look and see what 
was going on. 
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web server and a microcontroller, so it can send input from the targets to a 
local web page to display scores and graphics and play sounds. 


I like to play with a ball bearing instead of the marbles that come with the 
kit. A bearing moves faster than a marble does, and its conductivity can be 
used to complete circuits. For instance, I made a target that is triggered 
when the ball touches a patch of aluminium foil on the surface of the 
playfield and a brass paper fastener that sits perpendicular to it. 

Since ball bearings are quite a bit heavier than marbles, they can also be 
used to trip various kinds of switches. 1 made another type of target that 
mimics a pinball bash toy. When the ball hits it hard enough, the impact 
trips a shock sensor. This triggers a brief sound clip of an explosion and 
increments the score. 

Playing around with cardboard pinball has taught me a lot about the 
physics of the game. 1 think it’s a great first step toward building a 
cabinet-type machine, especially for someone who has spent far more time 
playing pinball than thinking about pinball design. Prototyping anything 
with cardboard is cheap, and it makes design iteration much faster. If 
something doesn’t work out, I can just get some more cardboard and try 
again. Seeing the game so stripped down and simplified has given me the 


understanding I need to go forth and build the awesome machines of my 


dreams. 


A 



Afterburners and end users 


By Tom Lipton http://www.oxtoolco.com/ 

I was recently reminded of one of those great stories that also has a useful lesson 
buried it. But first I just want to talk a little about the relationship between the user and 
the maker. 



In many cases the user and the maker are one in the same person. It is not for a 
customer or client, and it is not intended to solve any specific problem other than the 
problem of my need to built things. Part of what I do in this line of work is listen to 
people tell me about their technical problems some they would like solved and have 
some fun in the process. This problem solving process between the user and the 

maker has some 
built in potential 
pitfalls. 

Sometimes I find 
it very easy to 
get seduced by a 
nifty technical 
problem and 
expend more 
time and energy 
than the user had 
in mind. In fact if 
the users had 
some idea how 
much time you 
might spend on 
their problem 
they probably 

would never tell you about it in the first place. We might built a pilot plant when all the} 
had in mind were a couple of buckets with a hose between them. It is certainly easier 
to avoid the business problems if your not on an owners clock with the solution. This 
is sometimes referred to overkill or over engineering and is deadly to the user, maker 
business relationship. If you are a one person operation and it matters little if you 
spent one hour or a hundred hours on the problem because its transparent to the user 
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